WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification & : 

C09D 5/08, C08K 5/54, 3/36, C09D 
183AM 



Al 



(11) International Publication Number: WO 99/67336 

(43) International Publication Date: 29 December 1999 (29.1X99) 



(21) International Application Number: PCT/CA98/Q0673 

(22) International Filing Date: 15 July 1998 (15.07.98) 



(30) Priority Data: 
2,241,766 



25 June 1998 (25.06.98) 



CA 



(71) Applicant (for all designated States except US): CSL SIL- 

ICONES INC. [CA/CA]; Suite 304, 365 Evans Avenue, 
Toronta, Ontario M8Z 1K2 (CA). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): MISTRY, Balwantrai 
[CA/CA]; Unit 115, 49 Rhonda Road, Guelph, Ontario 
N1H 7A4 (CA). BARR, John, Richard [CA/CA]; 39 Lowrie 
Lane, Eden Mills, Ontario NOB 1P0 (CA). HUDA, Seraj, 
Ul [CA/CA]; 329 Lake Promenade, Toronto, Ontario M8W 
1A6 (CA). 

(74) Agents: JOHNSON, Douglas, S. et al.; Dennison Associates, 
Suite 301, 133 Richmond West, Toronto, Ontario M5H 2L7 
(CA). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GE, GH, 
GM, HR, HU, ID, IL, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MD, MG, MK, MN, MW, MX, 
NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, 
TR, TT, UA, UG, US, UZ, VN, YU, ZW, ARIPO patent 
(GH, GM, KE, LS, MW, SD, SZ, UG, ZW), Eurasian patent 
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent 
(AT, BE, CH, CY, DE, DK, ES, H, FR, GB, GR, IE, IT, 
LU, MC, NL, PT, SE), OAPI patent (BP, BJ, CP, CG, CI, 
CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 



(54) Title: ONE-PART ORGANOPOLYSILOXANE RUBBER COMPOSITION FOR USE AS A CORROSION PROTECTION 
COATING ON METALS 



(57) Abstract 



The present invention relates to a one-part room temperature vulcanizable organopolysiloxane rubber composition which crosslinks 
in the presence of moisture to form a coating for the corrosion protection of metals. The one-part organopolysiloxane robber composition 
comprises the product which is obtained by mixing the following: a) about 20 to 50 weight percent of polydimethyl siloxane fluid of the 
formula: HO[(CH3)2SiO]nH, in which n has an average value such that the viscosity is in the range from 1 to 100 Pa£ at 25 °C, preferably 
from 10 to 20 Pa.S at 25 P C; b) about 20 to 50 weight percent of a mixture of anorphorous and crystalline SK>2 reinforcing fillers having a 
surface area of up to 200 m 2 /g and a specific gravity of 2.2; c) about 2 to 6 weight percent of an oximino silane; d) about 0.25 to 2 weight 
percent of an organo functional silane; e) about 0.05 to 1 weight percent of an organotin salt; and 0 about 10 to 40 weight percent of an 
organic solvent as a dispersion medium for the above composition. 
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TIT^E: ONE-PART ORGANO POLYS ILOXANE RUBBER COMPOSITION 

FOR USE AS A CORROSION PROTECTION COATING ON METALS 

FJF.T f D O F THE INVENTION 

This invention relates to a one-part room 
temperature vulcanizable organopolysiloxane rubber 
composition which crosslinks in the presence of moisture to 
form a coating for the corrosion protection of metals. 



10 BACKGROUND OF THE INVENTTOM 

Metal surfaces exposed to moisture such as rain 
or fog in combination with contaminated atmospheres as are 
found in industrial locations may be subject to extensive 
corrosion unless protected in some way from exposure to the 

15 corrosive atmosphere. Other potentially corrosive 

environments include along sea coasts where salt spray is 
found and in areas where agricultural chemicals are widely 
distributed. In addition, metal surfaces directly exposed 
to water such as marine structures -and vessels are also 

20 subject to the potential for extensive corrosion. In the 
past, such metal surfaces have been most commonly protected 
by being painted with alkyd based paints. Such paints form 
a relatively rigid coating on the surface of the metal 
which can become brittle and when subjected to stress, can 

25 flake or chip off, thereby exposing the underlying metal to 
the corrosive elements. In addition, such paints generally 
are susceptible to UV damage thereby further reducing their 
effective life. 

Two-part organopolysiloxane rubber compositions 
30 for use as a corrosion protection coating on metals have 
been developed. For example, Lampe describes in U.S. 
Patent No. 4,341,842 a two-part room temperature 
vulcanizable composition for coating the underside of 
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vehicles to protect the metal from rusting or. being 
corroded by road salts or other similar compounds. 
However, such two-part compositions have a major 
disadvantage in that they require the use of complex dual 
5 mixing and spray nozzle apparatus or require pre-mixing and 
immediate use on site when used with conventional spray 
equipment. If conventional spray equipment is used, the 
amount of material pre-mixed must also be exact to prevent 
wastage as the composition has a finite pot life. 



SUMMARY OF TH E INVENTION 

In one aspect the present invention provides for 
a one-part room temperature vulcanizing organopolysiloxane 
rubber composition for use as a corrosion protection 
15 coating on metals. The composition comprises the product 
which is obtained by mixing the following: 

a) about 20 to 50 weight percent of polydimethyl 
siloxane fluid of the formula 

HO[(CH 3 ) 2 SiO] n H 

20 in which n has an average value such that the 

viscosity is in the range from 1 to 100 Pa.S at 
25°C, preferably from 10 to 20 Pa.S at 25°C; 

b) about 20 to 50 weight percent of a mixture of 
anorphorous and crystalline Si02 reinforcing 

25 fillers having a surface area of up to 200 m 2 /g 

and a specific gravity of 2.2; 

c) about 2 to 6 weight percent of an oximino silane; 

d) about 0.25 to 2 weight percent of an organo 
functional silane; 

30 e ) about 0.05to 1 weight percent of an organotin 

salt; and 
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f) about 10 to 40 weight percent of an organic 
solvent as a dispersion medium for the above 
composition. 

The present invention also provides for a method 
5 of protecting exposed surfaces particularly metal or 
concrete surfaces from the effects of a corrosive 
environment. The method comprises applying to the surface 
a thin layer of the above one-part organopolysiloxane 
rubber composition and allowing the layer of the one-part 
10 organopolysiloxane rubber composition to cure at room 
temperature to a silicone elastomer. 

The present invention also provides for the metal 
or concrete surfaces coated with the silicone elastomer 
formed from the curing of the one-part organopolysiloxane 
15 rubber composition. 



DETAILED DESCRIPTION OF THE INVENTION 

The one -part organopolysiloxane rubber 
compositions of the present invention are ideally suited 

20 for corrosion protection of steel or concrete structures 
against salt spray and chemical environments including 
direct exposure to salt water, salt fog and other 
industrial pollutant. The compositions of the present 
invention can be used to coat metal surfaces of motor 

25 vehicles which may be exposed to high salt condition during 
the winter season. The compositions of the present 
invention are particularly useful on marine installations, 
electric transmission towers and bridges for corrosion 
protection of steel or concrete structures directly exposed 

30 to salt water and industrial pollution, especially sulfur 
based. 

The one-part organopolysiloxane rubber 
compositions of the present invention for use as a 
corrosion protective coating on metals . contain about 20 to 
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50 weight percent of polydimethylsiloxane fluid of the 
formula HO[ (CH 3 ) 2 SiO] n H in which n has an average value 
such that the viscosity is in the range from 1 to 100 Pa.S, 
preferably 10 to 80 Pa.S, most preferably 10 to 50 Pa.S at 
5 25°C. 

The composition also contains about 20 to 50 
weight percent of a mixture of anorphorous and crystalline 
Si0 2 reinforcing fillers having a surface area of up to 200 
m 2 /g and preferably a specific gravity of 2.2. 

10 The composition also contains about 2 to 6 weight 

percent of an oximinosilane cross linking agent. 
Preferably the oximinosilane cross linking agent is of the 
formula RSi(ON=CR' 2 ) 3 in which R and R» each represent a 
monovalent hydrocarbon radical such as for example an alkyl 

15 radical such as methyl, ethyl, propyl, butyl, or an 

alkylene radical such as vinyl and allyl. The preferred R 
and R" are alkyl radicals, most preferably methyl and ethyl 
radicals . 

The composition also contains about 0.25 to 2 
20 weight percent of an organo functional silane. Preferably 
the organo functional silane has the formula 

I 

25 (R 2 0) 3 _ b - Si - Z 

wherein R 2 and R 3 are Ci_ 8 monovalent hydrocarbon radicals, 
b varies from 0 to 3, preferably 0, Z is a saturated, 
unsaturated or aromatic hydrocarbon which may be further 
30 functionalized by a member selected from the class 

consisting of amino, ether, epoxy, isocyanate, cyano, 
acryloxy and acyloxy and combinations thereof. 

The Ci_8 monovalent hydrocarbon radical of R 2 and 
R 3 includes an alkyl radical such as, for example, methyl, 

- 4 - 
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ethyl, propyl, butyl, or an alkylene radical such as vinyl 
and allyl. Preferably r2 and R 3 are alkyl radicals, more 
preferably methyl, ethyl or propyl radicals. 

The saturated, unsaturated or aromatic 
hydrocarbon of Z includes alkyl, cycloalkyl, alkylene, and 
aryl groups. Among the alkyl groups are Ci_ 8 straight or 
branched-chain alkyl such as, for example, methyl, ethyl, 
propyl, isopropyl, n-butyl, isobutyl, tert-butyl, pentyl, 
isopentyl, hexyl, etc., the cycloalkyl are C 3 _ 8 cycloalkyl 
such as, for example, cyclopropyl, cyclobutyl, cyclohexyl, 
etc., the alkylene groups are Ci_ 8 alkylene such as, for 
example, vinyl, allyl, and the aryl groups include phenyl 
and napthyl. The above groups may be further 
functionalized by including in the chain or ring structure, 
15 as the case may be, a group selected from the class 
consisting of amino, ether, epoxy, isocyanate, cyano, 
acryloxy, acyloxy and combinations. Preferably Z is an 
alkyl group, more preferably further functionalized by one 
or more amino group. The most preferred organo- functional 
silane is N- (2-aminoethyl-3-aminopropyl) trimethoxysilane. 



10 



20 



The composition additionally contains about 0.05 
to 1 weight percent of an organotin salt. Preferably the 
organotin salt is selected from the group dibutyltin 
diacetate, stannous octoate, dibutyltin dioctoate and 
25 dibutyltin dilaurate. Most preferably the organotin salt 
is dibutyltin dilaurate of the formula 

(C 4 H 9 ) 2 Sn (OCOC10H20CH3 ) 2 . 

The composition also contains about 10 to 40 
weight percent of a hydrocarbon solvent to be used as a 
dispersion medium for the composition. The hydrocarbon 
solvent is preferably a petroleum based solvent such as 
naphtha or mineral spirits. 

The composition may contain other optional 
ingredients such as pigments and other fillers in minor 



30 
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amounts provided that the addition of the ingredients does 
not cause degradation of the corrosion resistance of the 
cured coating made from the composition . One commonly 
utilized optional ingredient is a pigment, preferably a 
5 grey pigment, most preferably present in amounts up to 
about 1 weight percent. 

The organopolysiloxane composition of the present 
invention is prepared by mixing the ingredients together in 
the absence of moisture. The silane is moisture sensitive 
10 and will undergo cross-linking in the presence of moisture 
such that the mixture must be essentially absent of free 
moisture when the silane is added and maintained in a 
moisture free state until cure is desired. 

A preferred method of mixing comprises mixing the 
15 polysiloxane polymer with the reinforcing fillers and other 
optional fillers and pigments. Thereafter, the 
oximinosilane and organo-gunctional silane are added and 
mixed under a nitrogen atmosphere. The solvent is added to 
the mixture under a nitrogen atmosphere and finally, the 
20 organotin salt is added to the mixture. The mixture is 

then dispensed in the sealed containers for storage prior 
to use. 

The surface of the metal or concrete to be 
protected is coated with the composition by conventional 

25 methods such as dipping, brushing or spraying. Preferably, 
the metal or concrete to be protected is coated by spraying 
one or more applications of the composition of the present 
invention. The coating generally has an average thickness 
of 0.25 to 1.50 mm, single or more preferably, an average 

30 thickness of 0.5 to 1.0 mm, most preferably about 0.5 to 

0.75 mm. After the coating is formed on the surface of the 
metal or concrete, the metal or concrete is exposed to 
normal atmosphere for cross-linking and cure of the 
coating . 
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The improved coating of the present invention is 
capable of protecting metal and concrete surfaces from 
corrosion in the presence of moisture such as rain or fog 
in combination with contaminated atmospheres, salt spray or 
5 fog or direct exposure to salt water. 

The improved coating of the present invention is 
particularly useful for protecting metal surfaces which are 
directly exposed to salt water. Such surfaces include the 
hulls of ships and other vessels, oil drilling rigs, 
10 harbour and pier structures, etc. When the coating is used 
on the hulls of ships, further benefits such anti-fouling 
in addition to the corrosion protection are achieved. The 
coating does not allow marine animals, such as barnacles, 
to easily attach to the surface. Any such animals which 
15 attempt to attach to the surface are generally removed from 
the surface by high pressure washers. Additionally, clean 
up of the surface is generally accomplished by high 
pressure wash and/or hand or mechanical wiping and does not 
require the scraping operations commonly utilized during 
hull cleaning of ships, or other marine installations. 

The following examples are included to illustrate 
preferred embodiments of the invention and to demonstrate 
the usefulness of the coating and are not intended to limit 
in any way the scope of protection for the invention. 



20 



25 



30 



EXAMPLE 1 

To 36 parts of dimethyl polysiloxane fluid having 
a viscosity of 16.75 Pa.S at 25°C is added 35 parts of a 
mixture of anorphorous and crystalline silica fillers 
having a specific gravity of 2.2 and surface area of about 
130m 2 /g. Then 2 parts of pigment is added and the 
composition is mixed in a mixer to a uniform consistency. 
Then 3 parts of methyl tris- (methyl ethyl ketoxime) silane 
and 1 part of N- (2-aminoethyl-3 aminopr opyl ) 
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trimethoxysilane are added and mixed under a nitrogen 
atmosphere. Then 22 parts of naphtha solvent is added to 
the mixture. Finally, 0.1 part of dibutyltin dilaurate is 
added to the dispersion and mixed until a uniform 
5 consistency is achieved. 

Coupon samples prepared from stainless and carbon 
steel and aluminum sheet were coated with the composition 
prepared according to Example 1 by dipping into the mixture 
and exposing the samples to normal atmosphere for 

10 crosslinking. The coupon samples, having an average 
coating thickness of 0.3 mm, were exposed to salt-fog 
testing in an electrical (ozone producing) environment. 
After 2000 hours of continuous exposure, the coating showed 
no evidence of deterioration or separation from the virgin 

15 metal surfaces. Uncoated samples of both metals showed 
severe etching and corrosion. 

Carbon steel sheet samples were coated with the 
composition according to Example 1 by dipping into the 
mixture and exposing the samples to normal atmosphere for 
20 crosslinking. The samples, having an average coating 

thickness of 0.3 mm, were exposed to accelerated heat aging 
at 260°C. After 7 days of continuous exposure, the coating 
showed no evidence of deterioration or separation from the 
virgin metal surface. 

25 Carbon steel coupons coated with the composition 

of Example 1 to a thickness of 0.5 mm were immersed 30 days 
in an algae producing environment of ocean water at room 
temperature. Considerable deposits of algae were present 
which were easily removed by wiping with a damp cloth. The 
original surface of the coating showed no changes, 
scratches or deformations. 

The improved flexibility of the coating and its 
resistance to cracking was confirmed utilizing carbon steel 
coupons coated with 0.3 mm thick coating. The samples were 
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bent 180" along a curve showed no cracks or separation from 
substriate. 

Compositions of the present invention are also 
useful for protecting other types of surfaces from 
5 corrosive environments. For example, compositions of the 
present invention are particularly useful for protecting 
surfaces for spillage containment around tank farms and the 
like. The composition may be coated onto a heavy-duty 
fabric which is then utilized to line the interior of the 

10 spillage catch basins around the tank farm. Samples of 

heavy-duty geo fabric were sprayed with the composition of 
the present invention to coat the fabric. Treated and 
untreated samples of fabric were exposed to caustic soda 
solution, diesel oil, furnace oil by placing samples of 

15 these materials on the surface of the fabric for up to 
seven days. No deterioration of the treated fabric was 
observed and the deposits of the material were easily able 
to be cleaned up without any noticeable loss of weight of 
the material. In contrast, untreated fabric did not retain 

20 the material on the surface and the caustic soda solution 
caused deterioration of the untreated fabric material 
within 24 hours. 



While the invention has been described in 
25 reference to specific embodiments it should be understood 
by those skilled in the art that various changes can be 
made and equivalents may be substituted without departing 
from the true spirit and scope of the invention. All such 
modifications are intended to be within the scope of the 
30 claims appended hereto. 
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OR PRIVILEGE IS CLAIMED ARE AS FOLLOWS: 

!• A one-part organopolysiloxane rubber composition 

for use as a corrosion protection coating on metals 
5 comprising the product which is obtained by mixing the 
following: 

a) about 20 to 50 weight percent of polydimethyl 
siloxane fluid of the formula 



10 



HO[(CH 3 ) 2 SiO] n H 

in which n has an average value such that the 
viscosity is in the range from 1 to 100 Pa.S at 
25°C, preferably from 10 to 20 Pa.S at 25°C; 

b) about 20 to 50 weight percent of a mixture of 
anorphorous and crystalline Si0 2 reinforcing 

15 fillers having a surface area of up to 200 m 2 /g 

and a specific gravity of 2.2; 

c) about 2 to 6 weight percent of an oximinosilane; 

d) about 0.25 to 2 weight percent of an organo- 
functional silane; 

20 e ) about 0.05 to 1 weight percent of an organotin 

salt; and 

f ) about 10 to 40 weight percent of an organic 
solvent as a dispersion medium for the above 
composition. 

25 2 • A composition according to claim 1 wherein the 

oximinosilane is a compound of the formula 

RaSi(ON=CR' 2 )4-a 



30 



wherein R and R' represent a group of monovalent 
hydrocarbon radicals and the integer a, has a value 1, 
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3 - A composition according to claim 2 wherein R and 
R* are independently selected from the group consisting of 
alkyl and alkylene. 

4 - A composition according to claim 2 wherein R and 
5 R' are each alkyl. 

5 - A composition according to claim 2 wherein R and 
R' are independently selected from the group consisting of 
methyl, ethyl, propyl, butyl, vinyl and allyl. 

6 - A composition according to claim 4 wherein R and 
10 R' are independently selected from the group consisting of 

methyl and ethyl. 

7. A composition according to claim 1 wherein the 

organo- functional silane is a compound of the formula 



15 



(R 2 0) 



3-b 



R 3 b 
I 

- Si - 



wherein R 2 and R 3 are Ci-e monovalent hydrocarbon 
radicals, b varies from 0 to 3, preferably 0, Z 
is a saturated, unsaturated or aromatic 
hydrocarbon which may be further functionalized 
by a member selected from the class consisting of 
amino, ether, epoxy, isocyanate, cyano, acryloxy 
and acyloxy and combinations thereof; 

8 - A composition according to claim 1 wherein the 

organo functional silane is a compound of the formula 

NHCH 2 CH 2 NH 2 

CH 2 

CH 2 CH 2 Si(OMe) 3 
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9- A composition according to claim 1 wherein the 

organotin salt is an organotin salt of a carboxylic acid 
selected from the group consisting of dibutyltindiacetate, 
5 stannous octoate and dibutyltin dioctoate. 

10. A composition according to claim 9 wherein the 

organotin salt of a carboxylic acid is a compound of the 
formula 



(C 4 H 9 ) 2 Sn (OCOC10H20CH3) 2 . 
10 11. A composition according to claim 1 comprising: 

a) about 35 weight percent of a hydroxyl terminated 
dimethyl polysiloxane fluid having a viscosity of 
10 Pa.S at 25*C; 

b) about 35 weight percent of a mixture of 

15 anorphorous and crystalline Si0 2 fillers having a 

specific gravity of 2.2 and surface area of up to 
about 130m 2 /g; 

c) about 4.3 weight percent of methyl tris- (methyl 
ethyl ketoxime)silane; 

20 d > about 2.2. weight percent of N-(2 aminoethyl-3 

aminopropyl) trimethoxysilane; 

e) about 0.8 weight percent of dibutyltindilaurate; 

f ) about 22 weight percent of petroleum based 
solvent; and 

25 ST) about 0.8 weight percent of a grey pigment. 

12 • A method of protecting a surface from the effects 

v of a corrosive atmospheric environment comprising 
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(1) applying to the surface a thin layer of a one- 
part organopolysiloxane rubber composition comprising the 
product which is obtained by mixing the following: 

a) about 20 to 50 weight percent , of polydimethyl 
5 siloxane fluid of the formula 

HO[(CH 3 ) 2 SiO] n H 

in which n has an average value such that the 
viscosity is in the range from 1 to 100 Pa.S at 
25°C # preferably from 10 to 20 Pa.S at 25°C; 

10 b > about 20 to 50 weight percent of a combination of 

anorphorous and crystalline Si0 2 reinforcing 
fillers having a surface area of up to 200 m 2 /g 
and specific gravity of 2.2; 

c) about 2 to 6 weight percent of an oximinosilane; 

15 d > about 0.25 to 2 weight percent of an organo 

functional silane; 

e) about 0.05 to 1 weight percent of an organtin 
salt ; and 



20 



f ) about 10 to 40 weight percent of an organic 
solvent as a dispersion medium for the above 
composition. 



and 



(2) allowing the layer of the one-part 
organopolysiloxane rubber composition to cure at room 
25 temperature to a silicone elastomer. 

13 • A method according to claim 12 wherein the one 

part organopolysiloxane rubber composition comprises: 

about 35 weight percent of a hydroxyl terminated 
dimethyl polysiloxane fluid having a viscosity of 
10 Pa.S at 25*C; 



a) 



30 
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about 35 weight percent of a mixture of 
anorphorous and crystalline Si0 2 fillers having a 
specific gravity of 2.2 and surface area of up to 
about 130m 2 /g; 

c) about 4.3 weight percent of methyl tris- (methyl 
ethyl ketoxime)silane; 

d) about 2.2. weight percent of N-(2 aminoethyl-3 
aminopropyl) trimethoxysilane; 

e) about 0.8 weight percent of dibutyltindilaurate; 

f ) about 22 weight percent of petroleum based 
solvent; and 

g) about 0.8 weight percent of a grey pigment. 
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b) 



14 • A method according to Claims 12 or 13 wherein the 

surface to be protected is a metal or concrete surface 
exposed to a corrosive salt water environment. 
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